###### Key messages

What is already known about this subject?
=========================================

-   Native valve infective endocarditis of the aortic valve (AVE) and mitral valve (MVE) are usually studied as one entity, although the valves differ in anatomy and pressure conditions.

-   AVE is known to be associated with higher rates of invasiveness, while MVE is associated with higher rates of brain emboli.

What does this study add?
=========================

-   In this nationwide registry study, important differences between AVE and MVE were reported. *Staphylococcus aureus* was more common in MVE, whereas enterococci more common in AVE. *S. aureus* and enterococci were independent predictors of short-term mortality in MVE, whereas in AVE the causative pathogen did not predict outcome. *S. aureus* AVE was associated with a decrease in surgical intervention, and the short-term outcome of operated and non-operated *S. aureus* AVE patients was similar.

How might this impact on clinical practice?
===========================================

-   The between-group differences regarding clinical presentation and predictors of survival suggest that a more individualised treatment approach may be needed depending on which valve is affected.

-   In AVE, the causative pathogen itself should not influence the decision whether or not to operate a patient.

Introduction {#s1}
============

Infective endocarditis (IE) is a severe infection of the heart, with a reported incidence of 3‒10 cases per 100 000 person-years.[@R1] Despite advances in diagnostics and therapeutic management, in-hospital mortality (10%‒20%)[@R3] and 1-year mortality (\>30%)[@R3] remain high.

IE is traditionally categorised either according to the site of infection into right-sided or left-sided IE; to the underlying structure into native or prosthetic valve IE or to the causative pathogen.[@R7] Thus, native valve IE of the aortic valve (AVE) and mitral valve (MVE) are usually grouped into one entity: left-sided native valve infective endocarditis (LNVE). However, there are important differences in anatomy, physiology and ageing of the two valves: (1) the mitral valve is composed of two leaflets anchored to the left ventricular wall through chordae tendineae, while the aortic valve is composed of three cusps that are anchored to the walls of the aortic root; (2) the aortic valve is constantly subject to high pressure, while the atrial side of the mitral valve is never exposed to high pressure and (3) the most frequent disease affecting the aortic valve is aortic stenosis due to calcification, while mitral insufficiency due to leaflet prolapse is the most common pathology of the mitral valve.[@R8]

To better understand determinants of outcome, and to give a more precise understanding of native valve IE, patients with AVE and MVE should be studied separately. Previous studies on AVE and MVE have dealt with heterogeneous patient groups,[@R10] including those with prosthetic valve IE and involvement of multiple valves. The aim of this study was to compare patient characteristics, microbiology, outcomes and predictors of mortality and surgery in patients with native valve IE involving either the aortic valve or the mitral valve.

Methods {#s2}
=======

Study design and population {#s2-1}
---------------------------

We conducted a retrospective cohort study using the Swedish national registry on IE (SRIE), which is estimated to cover approximately 75% of all in-hospital treated IE episodes in Sweden.[@R12] The registry contains a wide set of variables on patient characteristics, clinical presentation and treatment strategies. We looked at the time period from 2007 to 2017, which encompassed 4151 episodes of possible or definite IE, corresponding to an estimate of 5.5 cases/100,000 residents/year. Episodes from 2007 had been reported using a standardised questionnaire by regular post, while episodes from the period 2008‒2017 had been submitted using an internet-based form with a more detailed description of the episodes. Our study protocol was approved by the Regional Ethical Review Board of Lund.

Patient selection {#s2-2}
-----------------

Patient selection was done by consecutively using the following exclusion criteria: possible IE or missing information on the modified Duke criteria (n=1123); prosthetic valve endocarditis (n=354); right-sided native valve infective endocarditis (n=292); IE affecting both sides of the heart (n=158); implantable cardioverter defibrillator, permanent pacemaker or pacemaker endocarditis (n=309); unknown location or no valves affected (n=106); history of cardiac surgery with synthetic or non-autologous biological material implanted (n=235); duplicate of episode entry, not a resident of Sweden, or patient identification errors (n=56) and double valve IE (n=125). Thus, a total of 1393 IE episodes comprised the study material.

Follow-up and study variables {#s2-3}
-----------------------------

Follow-up was defined as the period between the start of antimicrobial treatment for IE and the latest status of the patient and was carried out in July 2017 using the Swedish National Population Registry. Follow-up was complete in all cases and comprised 4563 patient-years, with a median follow-up of 2.8 years (IQR 1‒5.2 years). Patient groups were compared regarding clinical characteristics, microbiology, short-term outcome and predictors of mortality and surgery.

Statistical analysis {#s2-4}
--------------------

Descriptive statistics are presented as median with IQR in parentheses for continuous variables and as number of cases with percentage in parentheses for dichotomous variables. Continuous variables were regarded as non-normally distributed and were compared between the AVE and MVE group using the Mann Whitney U test. Categorical variables were analysed using the χ² test. The cumulative probability of survival was calculated and plotted using the Kaplan-Meier estimator. The log-rank test was used to compare the between-group difference in survival rate. Diabetes and end-stage renal disease (ESRD) from 2007 to 2012 were not negated and the variables were only filled if the outcome was positive. Cells with missing values were regarded as negative. From 2012 onwards, remaining missing values for diabetes and ESRD were eligible for multiple imputation. Variables were examined for the patterns of absence and 10% of all cases had at least one missing value. Variables with the highest proportions of missing values were diabetes, ESRD, and the length of time from onset of symptoms to diagnosis. All the variables that were assessed for missing values were subsequently entered into the multiple imputation model. SPSS found no monotonicity and opted by default for the "Fully Conditional Specification" imputation method. Missing values were imputed into five variables through five imputations with 10 iterations for each imputation. Linear regression was used to impute continuous variables and logistic regression was used to impute categorical variables. The risk-adjusted survival was assessed with Cox proportional hazards regression model, where we included known risk factors and also covariates that the authors deemed important. Univariable and multivariable logistic regression analyses of in-hospital mortality and surgery for IE were conducted in the same manner as Cox regression with respect to inclusion of the variables. Log-minus-log survival plots were used to assess the proportional hazards assumption graphically for each categorical variable, and no important violation was found. Pearson correlation was performed to identify possible interactions between variables. All statistical analyses were conducted using the statistical software package SPSS (V.24.0; IBM, Amonk, New York, USA).

Results {#s3}
=======

Patient characteristics {#s3-1}
-----------------------

Baseline characteristics are listed in [table 1](#T1){ref-type="table"}. One-third of the patients (n=458) were female; they comprised 26% (n=171) of all AVE cases and 39% (n=287) of all MVE cases (p\<0.001). Brain emboli were more common in MVE (p\<0.001), whereas perivalvular involvement occurred more often in AVE (p\<0.001). We did not find any significant between-group differences regarding patient age, prevalence of diabetes, previous episode of IE, injection drug use (IDU), mode of acquisition or heart failure.

###### 

Patient characteristics

  ----------------------------------------------------------------------------
  Variable                          N      AVE\         MVE\         P value
                                           n=649        n=744        
  --------------------------------- ------ ------------ ------------ ---------
  Female sex                        1393   171 (26%)    287 (39%)    \<0.001

  Age                               1393   66 (56‒77)   68 (57‒79)   0.090

  Diabetes\*                        1338   117 (19%)    118 (17%)    0.26

  ESRD†                             1335   20 (3.2%)    35 (4.9%)    0.13

  Pre-existing valve disease        1393                             

   Bicuspid aortic valve                   75 (12%)     5 (0.7%)     \<0.001

   Mitral valve prolapse                   0 (0%)       105 (14%)    \<0.001

   Rheumatic heart disease                 4 (0.6%)     6 (0.8%)     0.68

  Previous IE                       1393   26 (4.0%)    29 (3.9%)    0.92

  IDU                               1393   40 (6.2%)    51 (6.9%)    0.60

  Time from symptoms to diagnosis   1393   11 (4‒28)    9 (4‒22)     0.048

  TEE                               1393   554 (85%)    621 (84%)    0.33

  Healthcare-associated             1393   80 (12%)     98 (13%)     0.64

  Community-acquired                1393   557 (86%)    636 (86%)    0.86

  Heart failure‡                    1393   190 (29%)    199 (27%)    0.29

  Emboli                            1393                             

   Brain                                   84 (13%)     154 (21%)    \<0.001

   Meninges                                6 (0.9%)     13 (1.7%)    0.19

   Vertebral column                        66 (10%)     57 (7.7%)    0.10

   Other skeletal parts                    48 (7.4%)    54 (7.3%)    0.92

   Skin                                    39 (6.0%)    57 (7.7%)    0.23

   Coronary arteries                       3 (0.5%)     6 (0.8%)     0.42

   Spleen                           1393   22 (3.4%)    22 (3.0%)    0.65

   Liver                            1393   7 (1.1%)     5 (0.7%)     0.41

  Vegetation§                       1393   559 (86%)    671 (90%)    0.019

  Perivalvular involvement¶         1393   55 (8.5%)    26 (3.5%)    \<0.001
  ----------------------------------------------------------------------------

N represents the total number of responses per variable.

Dichotomous variables are expressed as number of cases with percentage in parentheses. Continuous variables are expressed as median with IQR in parentheses.

\*Includes diabetes mellitus types 1 and 2. There were 27/649 and 28/744 missing responses for diabetes in the AVE and MVE group, respectively.

†There were 31/649 and 27/744 missing responses for ESRD in the AVE and MVE group, respectively.

‡Before or during treatment of IE.

§Any size visualised.

¶This includes any periannular spread beyond the confinements of the valve.

AVE, aortic valve infective endocarditis; ESRD, end-stage renal disease;IDU, injection drug use;IE, infective endocarditis; MVE, mitral valve infective endocarditis; TEE, transoesophageal echocardiography.

Microbiological aetiology of IE {#s3-2}
-------------------------------

A causative pathogen was identified in 99% of the cases. The microbiological findings are summarised in [table 2](#T2){ref-type="table"} and [figure 1](#F1){ref-type="fig"}. *Staphylococcus* *aureus* was the single most common causative pathogen, with a higher prevalence in MVE than in AVE (p\<0.001). In contrast, coagulase-negative staphylococci and enterococci were more common in AVE than in MVE (p=0.010 and p\<0.001, respectively).

###### 

Microbiological aetiology of IE

  --------------------------------------------------------------------
  Pathogen                           AVE\        MVE\        P value
                                     n=649       n=744       
  ---------------------------------- ----------- ----------- ---------
  *Staphylococcus aureus*\*          202 (31%)   302 (41%)   \<0.001

  Coagulase-negative staphylococci   30 (4.6%)   16 (2.2%)   0.010

  Alpha-haemolytic streptococci†     212 (33%)   239 (32%)   0.83

  Beta-haemolytic streptococci       30 (4.6%)   54 (7.3%)   0.039

  *Streptococcus pneumoniae*         11 (1.7%)   12 (1.6%)   0.91

  *Streptococcus bovis*              17 (2.6%)   14 (1.9%)   0.35

  Enterococci                        89 (14%)    55 (7.4%)   \<0.001

  HACEK                              11 (1.7%)   12 (1.6%)   0.91

  Other gram-positive bacteria       28 (4.3%)   30 (4.0%)   0.79

  Other gram-negative bacteria       5 (0.80%)   2 (0.3%)    0.19

  Fungi                              3 (0.50%)   3 (0.4%)    0.87

  Pathogen unknown                   11 (1.7%)   5 (0.70%)   0.074
  --------------------------------------------------------------------

\*Methicillin-sensitive (n=495), methicillin-resistant (AVE, n=4; MVE, n=5).

†Includes digestive streptococci (AVE, n=7; MVE, n=13), oral streptococci (AVE, n=121; MVE, n=117) and unclassified alpha-haemolytic streptococci (AVE, n=84; MVE, n=109).

AVE, aortic valve infective endocarditis; HACEK, *Haemophilus* spp., *Aggregatibacter actinomycetemcomitans*, *Cardiobacterium hominis*, *Eikenella corrodens* and *Kingella kingae*; IE, infective endocarditis; MVE, mitral valve infective endocarditis.

![Microbiology: native aortic valve IE (A); native mitral valve IE (B). HACEK, *Haemophilus* spp., *Aggregatibacter actinomycetemcomitans*, *Cardiobacterium hominis*, *Eikenella corrodens* and *Kingella kingae*; IE, infective endocarditis.](openhrt-2018-000926f01){#F1}

Antimicrobial treatment of IE {#s3-3}
-----------------------------

The median time of antimicrobial treatment was 30 days in both groups, in patients who completed intravenous treatment (p=0.44). An aminoglycoside was administered in 61% (n=395) of the AVE cases and in 58% (n=431) of the MVE cases (p=0.27).

Short-term outcomes and predictors {#s3-4}
----------------------------------

Short-term outcomes are presented in [table 3](#T3){ref-type="table"}. The overall in-hospital mortality was 11%. Surgery was performed in 35% (n=224) of the AVE cases and in 27% (n=201) of the MVE cases (p=0.002). There were no significant between-group differences in the length of hospitalisation and in mortality rates. A posthoc analysis of *S. aureus* AVE showed no significant difference in in-hospital mortality between the operated and the conservatively treated AVE subgroup (8.7% vs 12.8%, respectively, p=0.45). Predictors of in-hospital mortality are presented in [table 4](#T4){ref-type="table"}. Increasing age per 1 year increment, brain emboli and heart failure were associated with an increase in in-hospital mortality in both AVE and MVE. In addition, female sex, *S. aureus* infection and enterococcal infection were also associated with an increase in in-hospital mortality, but only in MVE. Among the studied variables, surgery for AVE was the only factor significantly associated with a decrease in in-hospital mortality (p\<0.001).

###### 

Short-term outcome

  ---------------------------------------------------------------
                              AVE\         MVE\         P value
                              n=649        n=744        
  --------------------------- ------------ ------------ ---------
  Surgery for IE              224 (35%)    201 (27%)    0.002

  Length of hospitalisation   32 (25‒42)   32 (23‒42)   0.77

  30-day mortality            57 (8.8%)    66 (8.9%)    0.95

  90-day mortality            86 (13%)     105 (14%)    0.64

  In-hospital mortality       64 (9.9%)    90 (12%)     0.18
  ---------------------------------------------------------------

Dichotomous variables are expressed as number of cases with percentage in parentheses. Continuous variables are expressed as median with IQR in parentheses. Time is expressed in days.

AVE, aortic valve infective endocarditis; IE, infective endocarditis; MVE, mitral valve infective endocarditis.

###### 

Multivariable logistic regression of in-hospital mortality

  Predictor                        AVE     MVE                                              
  -------------------------------- ------- --------------- --------- ------- -------------- ----------
  ESRD                             3.6     0.95 to 13      0.060     2.2     0.81 to 5.9     0.12
  Female sex                       1.2     0.65 to 2.2     0.55      2.2     1.3 to 3.6      0.002
  Age\*                            1.04    1.01 to 1.06    0.003     1.04    1.02 to 1.07    \<0.001
  Diabetes†                        0.91    0.44 to 1.9     0.81      0.74    0.38 to 1.5     0.38
  IDU                              1.2     0.25 to 5.4     0.84      1.3     0.33 to 5.0     0.72
  Healthcare-associated            1.2     0.54 to 2.6     0.66      1.4     0.69 to 2.6     0.38
  Pathogen                                                                                  
   Alpha-haemolytic streptococci   (ref)                             (ref)                   
   *Staphylococcus aureus*         0.67    0.37 to 1.6     0.47      3.2     1.5 to 6.6      0.002
   Enterococci                     1.1     0.44 to 2.8     0.84      3.5     1.3 to 9.7      0.015
   Other                           0.86    0.36 to 2.0     0.73      1.6     0.64 to 3.8     0.33
  Surgery for IE                   0.16    0.061 to 0.40   \<0.001   0.75    0.39 to 1.4     0.38
  Brain emboli                     3.4     1.6 to 7.2      0.001     2.3     1.3 to 4.0      0.004
  Heart failure‡                   4.8     2.7 to 8.8      \<0.001   1.9     1.2 to 3.2      0.012
  Vegetation§                      1.2     0.47 to 3.2     0.69      0.75    0.32 to 1.7     0.50
  Perivalvular involvement¶        2.9     0.93 to 9.0     0.067     0.74    0.22 to 2.5     0.63

\*Increasing age per 1 year increment.

†Includes diabetes mellitus types 1 and 2.

‡Before or during treatment of IE.

§Any size visualised.

¶This includes any periannular spread beyond the confinements of the valve.

AVE, aortic valve infective endocarditis; ESRD, end-stage renal disease;IDU, injection drug use; IE, infective endocarditis; MVE, mitral valve infective endocarditis.

Long-term survival and predictors of long-term mortality {#s3-5}
--------------------------------------------------------

The 1-year, 5-year and 10-year survival rates were 78% (95% CI 75 to 81), 59% (95% CI 55 to 63) and 50% (95% CI 44 to 55), respectively, in AVE and 78% (95% CI 75 to 81), 56% (95% CI 52 to 60) and 46% (95% CI 40 to 52), respectively, in MVE. There were no significant differences in survival rates between AVE and MVE (log-rank, p=0.56). Long-term survival was better in operated patients than in patients who only received conservative treatment ([figure 2](#F2){ref-type="fig"}, p\<0.001). Predictors of long-term mortality are given in [table 5](#T5){ref-type="table"}. Several factors were associated with increased long-term mortality, and these varied somewhat between AVE and MVE. Surgery for IE was associated with reduced long-term mortality in both groups.

![Survival of operated versus non-operated patients. AVE, aortic valve infective endocarditis; MVE, mitral valve infective endocarditis.](openhrt-2018-000926f02){#F2}

###### 

Multivariable Cox regression for predictors of long-term mortality

  Predictor                        AVE     MVE                                             
  -------------------------------- ------- -------------- --------- ------- -------------- ---------
  ESRD                             4.2     2.4 to 7.5     \<0.001   1.9     1.1 to 3.3     0.025
  Female sex                       0.98    0.74 to 1.3    0.90      1.3     1.0 to 1.6     0.057
  Age\*                            1.05    1.04 to 1.07   \<0.001   1.05    1.04 to 1.07   \<0.001
  Diabetes†                        0.95    0.69 to 1.3    0.76      1.4     1.0 to 1.8     0.050
  IDU                              3.6     2.0 to 6.4     \<0.001   2.6     1.4 to 4.8     0.004
  Healthcare-associated            1.6     1.2‒2.3        0.004     1.4     1.0 to 2.0     0.033
  Pathogen                                                                                 
   Alpha-haemolytic streptococci   (ref)                            (ref)                  
   *Staphylococcus aureus*         1.1     0.78 to 1.6    0.59      2.2     1.6 to 3.1     \<0.001
   Enterococci                     1.3     0.86 to 2.0    0.22      1.9     1.2 to 3.0     0.01
   Other                           1.1     0.73 to 1.6    0.70      1.7     1.1 to 2.4     0.007
  Surgery for IE                   0.37    0.25 to 0.54   \<0.001   0.61    0.43 to 0.86   0.004
  Brain emboli                     1.5     1.0 to 2.1     0.041     1.3     0.97 to 1.7    0.083
  Heart failure‡                   2.1     1.6 to 2.9     \<0.001   1.8     1.4 to 2.3     \<0.001
  Vegetation§                      1.1     0.75 to 1.7    0.54      1.2     0.79 to 1.9    0.36
  Perivalvular involvement¶        1.4     0.84 to 2.5    0.19      1.0     0.58 to 1.8    0.92

\*Increasing age per 1-year increment.

†Includes diabetes mellitus types 1 and 2.

‡Before or during treatment of IE.

§Any size visualised.

¶This includes any periannular spread beyond the confinements of the valve.

AVE, aortic valve infective endocarditis; ESRD, end-stage renal disease;IDU, injection drug use; IE, infective endocarditis; MVE, mitral valve infective endocarditis.

Surgery for IE {#s3-6}
--------------

The predictors of surgery for IE ([table 6](#T6){ref-type="table"}) were similar between the two groups, with exception of valve vegetation and *S. aureus*. Valve vegetation was associated with an increased likelihood of surgery for IE in MVE, but not in AVE. *S. aureus* was associated with a decrease in surgical intervention in AVE but not in MVE. Details on surgical cases are presented in [table 7](#T7){ref-type="table"}. The time delay between symptoms onset and diagnosis was longer in the surgically treated AVE subgroup than in the surgically treated MVE subgroup (p\<0.001), whereas the time delay between diagnosis and surgery was shorter in the AVE group than in the MVE group (p=0.012). In-hospital mortality was 3.6% (n=8) and 9.0% (n=18) in patients who underwent surgery for AVE and MVE, respectively (p=0.021). There was no significant between-group difference in long-term survival in the subgroup of patients who were operated ([figure 2](#F2){ref-type="fig"}, p=0.2).

###### 

Multivariable logistic regression for operation during treatment

  Predictor                        AVE    MVE                                            
  -------------------------------- ------ -------------- --------- ------ -------------- ---------
  ESRD                             2.0    0.57 to 7.2    0.27      0.77   0.27 to 2.2    0.63
  Female sex                       0.73   0.46 to 1.2    0.19      1.3    0.87 to 1.9    0.21
  Age\*                            0.95   0.94 to 0.97   \<0.001   0.95   0.93 to 0.96   \<0.001
  Diabetes†                        0.47   0.26 to 0.87   0.015     0.65   0.38 to 1.1    0.12
  IDU                              0.79   0.35 to 1.8    0.57      0.33   0.15 to 0.71   0.005
  Healthcare-associated            0.40   0.20 to 0.82   0.012     0.46   0.24 to 0.87   0.017
  Pathogen                                                                               
   Alpha-haemolytic streptococci   ref                             ref                   
   *Staphylococcus aureus*         0.56   0.32 to 0.96   0.036     1.1    0.69 to 1.8    0.66
   Enterococci                     1.7    0.88 to 3.1    0.12      1.9    0.93 to 4.0    0.076
   Other                           2.2    1.3 to 3.7     0.002     1.7    0.99 to 2.8    0.056
  Brain emboli                     2.6    1.5 to 4.5     0.001     1.6    1.0 to 2.4     0.037
  Heart failure‡                   4.3    2.8 to 6.5     \<0.001   3.3    2.2 to 4.9     \<0.001
  Vegetation§                      1.2    0.64 to 2.1    0.61      4.6    2.0 to 10      \<0.001
  Perivalvular involvement¶        8.8    4.0 to 19      \<0.001   4.7    1.8 to 12      0.001

\*Increasing age per 1 year increment.

†Includes diabetes mellitus types 1 and 2.

‡Before or during treatment of IE.

§Any size visualised.

¶This includes any periannular spread beyond the confinements of the valve.

AVE, aortic valve infective endocarditis; ESRD, end-stage renal disease;IDU, injection drug use; IE, infective endocarditis; MVE, mitral valve infective endocarditis.

###### 

Subgroup analysis of patients who underwent surgery

  ----------------------------------------------------------------------
  Variable                           AVE\          MVE\        P value
                                     n=224         n=201       
  ---------------------------------- ------------- ----------- ---------
  Time from symptoms to diagnosis    18 (6.3‒37)   9 (4‒26)    \<0.001

  Time from diagnosis to operation   6.5 (3‒14)    9 (4‒18)    0.012

  30-day mortality                   5 (2.2%)      11 (5.5%)   0.08

  90-day mortality                   8 (3.6%)      19 (9.5%)   0.013

  In-hospital mortality              8 (3.6%)      18 (9%)     0.021
  ----------------------------------------------------------------------

Dichotomous variables are expressed as number of patients with percentage in parentheses. Continuous variables are expressed as median with IQR in parentheses. Time is expressed in days.

AVE, aortic valve infective endocarditis; MVE, mitral valve infective endocarditis.

Discussion {#s4}
==========

We identified several between-group differences in the microbiological aetiology of AVE and MVE. Enterococci were found to be the causative pathogen twice as often in AVE than in MVE, which is supported by a previous observation that was partially based on the same registry.[@R13] *S. aureus* was the single most common causative pathogen and had a higher prevalence in MVE than in AVE. The aortic valve and mitral valve differ in flow, pressure and calcification conditions. Therefore, it does not surprise that pathogens such as *S. aureus* and enterococci, that display different adherence strategies to host tissues, have apparent different propensities to attach and colonise different valves.[@R14]

Our findings indicate that *S. aureus* is an independent predictor of in-hospital and long-term mortality in MVE, whereas *S. aureus* was not associated with mortality in AVE. This finding was unexpected, since *S. aureus* has generally been regarded as one of the most aggressive pathogens in IE and a cause of high mortality.[@R17] However, *S. aureus* is also a common cause of right-sided IE, which is rarely invasive. One explanation may be that the high-pressure environment of the aortic valve plays a more important role in determining whether an infection becomes invasive, rather than the causative pathogen itself. This notion is supported by a very recent report by Hussain *et al*, which hypothesised that chamber pressure may be the driving force behind invasiveness and tissue destruction in IE.[@R19] Despite the finding that *S. aureus* was associated with mortality only in MVE, the overall survival rate was not significantly different between the two patient groups, showing that there is a complex interplay between different risk factors.

The male predominance in IE has been well-documented.[@R11] Furthermore, we found that the proportion of females was higher in the MVE than in the AVE group, which was also previously reported.[@R11] The reasons for these differences in sex distribution in IE are unclear, but deserve further investigation in future studies.

We sought to investigate the between-group differences regarding surgery. AVE was operated on more often, which may have been due in part to the higher frequency of perivalvular involvement in AVE. The time interval between onset of symptoms and diagnosis was twice as long in operated AVE cases compared with operated MVE cases. However, the time delay between diagnosis and surgery was significantly longer in MVE than in AVE. Intuitively, one might expect the patient group with a short interval between onset of symptoms and diagnosis to have a more aggressive course of infection and to require early surgery. In-hospital mortality was higher in surgical MVE cases than in surgical AVE cases, which appears logical since invasive MVE is more difficult to treat surgically than invasive AVE.[@R10] Thus, one reason for the delayed timing of surgery in MVE might be due to logistical reasons, because centres with cardiac surgery typically have only a few surgeons who perform mitral valve surgery on a regular basis. Alternatively, the risk of brain emboli is the highest during the early stage of IE,[@R22] and European guidelines advice to delay cardiac surgery if there is extensive brain damage or intracranial haemorrhage.[@R23] Thus, the higher prevalence of brain emboli in MVE may be another contributing factor to the delayed timing of surgery in MVE. Surgery was associated with a decrease in in-hospital mortality in AVE, whereas it was not associated with in-hospital mortality in MVE. However, interpreting the effect of surgery on outcome is not straightforward. Surgical results are subject to multiple factors, such as timing of surgery,[@R24] the intrinsic complexity of the procedure and the surgeons' experience.[@R10] Surgical cases were not stratified according to their eligibility for surgery, and we were not able to determine in which cases surgery was not performed despite clear indications for surgery. This further complicates the interpretation of our results. This being said, it is possible that earlier surgery in a centre with a high annual volume of surgical MVE cases might be associated with a better in-hospital outcome in MVE.

*S. aureus* was the only causative pathogen independently associated with surgery and, surprisingly, *S. aureus* was associated with a decrease in surgical intervention in AVE. This is counterintuitive, since the aggressive nature of *S. aureus* should prompt surgery in a higher proportion of cases with AVE; however, this finding has been previously reported as well.[@R26] Moreover, radical debridement and reconstruction are more straightforward in AVE than in MVE,[@R10] and our results showed that surgery for AVE was associated with better survival rates. The apparent practice of not invoking surgery in *S. aureus* AVE is clearly different from recent American guidelines,[@R7] which recommend early surgery in patients with left-sided IE caused by *S. aureus*. European and Swedish guidelines, however, have not specifically pointed out *S. aureus* infection as an indication for surgery in native valve endocarditis.[@R23] Our results have showed no significant difference in in-hospital mortality regarding how *S. aureus* AVE was treated and *S. aureus* infection itself did not predict mortality in AVE, thus indicating that conservative treatment of *S. aureus* AVE may be successful and that *S. aureus* infection should not necessarily be regarded as an indication for surgery.

Most studies on prognostic factors in IE are susceptible to referral centre bias,[@R29] whereas it would be more valid to generalise from our results because of our use of data on IE that was collected on a nationwide basis. We identified several prognostic factors, some of which showed clear differences between groups, while others showed significant overlap in effect size. IDU was the strongest predictor of long-term mortality in both groups, which can be explained by continued IDU after initially successful treatment results, resulting in a higher risk of reinfection.[@R32] The younger age of these patients, and therefore less frailty and comorbidities, may be the reason why IDU was not associated with in-hospital mortality.

Strengths and limitations {#s4-1}
-------------------------

This study was conducted using homogenous contemporary patient data from a nationwide registry on IE. Data in the registry originate from both local and tertiary care hospitals, and all of the cases included in our study had definite IE. Although population-based, our study only included cases that had been reported to the SRIE, and we did not perform an active search for IE cases. The SRIE has not undergone formal validation. Our results are mainly generalisable to industrialised countries with similar low incidences of rheumatic heart disease and IDU-related IE. The retrospective design of this study, and the possibility of unknown confounders, may have affected our results.

Conclusion {#s5}
==========

We found interesting differences regarding microbiology: MVE had a higher proportion of *S. aureus*, whereas AVE a higher proportion of enterococci. This difference in location predilection between enterococci and *S. aureus* might be explained by the unique flow, pressure and calcification conditions of the two valves. Our results also suggest that the causative pathogen itself plays a lesser role than pressure conditions around the valves in tissue invasiveness. In AVE, the causative pathogen did not predict outcome and should therefore not influence the decision whether or not to operate a patient. AVE and MVE also differed regarding their clinical presentation. The differences in the prevalence of perivalvular involvement, brain emboli and time delay between onset of symptoms and diagnosis indicate that it is important to consider which valve is affected in patients with LNVE. The authors believe that these findings can serve as a stepping-stone for further research into the different disease processes of AVE and MVE and thus may be an important step towards a more individualised approach to patients with IE.
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